Introduction
============

Occupational injury is a serious problem affecting the health of workers. The International Labour Organization (ILO) estimates that about 2.2 million people die globally every year from occupational injury and illness. Of this total, about 350 000 deaths are caused by fatal occupational injuries. The global workforce of 2.8 billion workers also experience about 270 million serious non-fatal injuries and 160 million work-related diseases.[@b1] The total cost of occupational accidents and work-related diseases represents 4% of the gross national product or approximately US\$1.36 trillion worldwide.[@b2] Occupational injury is serious in China. According to the ILO, fatal occupational injuries in China accounts for 26% of the world total.[@b1]

In China, government and researchers have been taking steps to understand and prevent occupational injuries. Some research on occupational injuries has been published.[@b3; @b4; @b5; @b6; @b7] To deal with missing data and under-reporting, methodological research has been published on the use of the capture--recapture method.[@b8] [@b9] An injury surveillance system was set up in China to track the pattern of occupational injuries, and it has been effective in preventing injuries.[@b10; @b11; @b12]

The economy in China is more developed in the south than in the north, especially in the highly industrial coastal areas, which attract migrant workers from other provinces. As most of these migrant workers are young and inexperienced job seekers, a high level of occupational injuries have been reported and cannot be neglected.[@b13] [@b14]

The patterns of occupational injuries differ between developed and developing countries.[@b15] This suggests that their patterns could be different between the more developed (coastal) and less developed (mountain) areas in Southern China. The coastal area is highly industrialised, while the mountain area is mainly agricultural. The coastal and mountain areas were chosen for the study because they represent the two major types of economic development in China. They are expected to lead to different types and patterns of occupational injuries. Our study is the first attempt in China to compare the characteristics and risk factors of occupational injuries in a coastal area and a mountain area in order to provide further understanding and a scientific basis for the prevention of occupational injuries in Southern China. The study was based on the Hospital Injury Surveillance System we have established in Southern China.

Methods
=======

Case identification
-------------------

Injury cases were defined as first-time visits to the hospital due to a particular injury, and the activity when the injury occurred was work.

Data collection
---------------

Injury surveillance was based on hospital data collected in two areas of Southern China, a coastal and a mountain area. Ethical approval was granted by the Shantou University research ethics review board. No patient consent form was required as the study was based on routine administrative data only. Data were collected from 1 April 2006 to 31 March 2008.

Hospital staff completed the injury report forms including patient demographics, date and time of admission, details about the injury cause and location, the injury intention and severity, diagnoses, treatment procedures, and discharge information. Every month, researchers collected the reporting forms. Data were entered into a database, and injury diagnosis and causes were coded by trained research staff using the 10th revision of International Classification Disease.

Quality control
---------------

Hospital staff who completed report forms were trained by researchers of the project. Every week, researchers reviewed the injury report forms to find problems and provide suggestions to improve. The data were entered into the research database by double keying to reduce error.

Data analysis
-------------

Data analysis involved use of SPSS V.15.0 for Windows (SPSS Inc.). Descriptive statistics were used. χ^2^ Analysis was used to compare differences between the mountain and coastal areas. A p\<0.05 (two sided) was considered statistically significant.

Results
=======

Over the 2-year period, 8929 occupational injuries were identified, of which 7400 (82.88%) were men. The average age of the injured cases was 38.37 years (SD=12.36). The age group 31--40 years experienced the most occupational injuries, accounting for 29.2% of the injured patients.

Sex and age differences between coastal and mountain areas in cases of occupational injuries
--------------------------------------------------------------------------------------------

There was no sex difference. In the coastal area, there were 3230 male occupational injuries (81.86% of all cases) as compared with 5699 male occupational injuries in the mountain area (83.45%), with no statistically significant difference between the two areas (p=0.112).

In the coastal area, the average age of injured patients was 32.10 years (SD=11.34) as compared with 41.91 years (SD=11.47) in the mountain area (p\<0.001). In the coastal area, occupational injuries peaked in the age group 21--30 years, whereas in the mountain area, the peak occurred in the age group 41--50 years (p\<0.001) ([figure 1](#fig1){ref-type="fig"}).

![Distribution of occupational injuries by age and sex in a costal area and a mountain area in Southern China, 2006--2008.](bmjopen-2012-000965fig1){#fig1}

Differences between coastal and mountain areas in characteristics of cases of occupational injuries
---------------------------------------------------------------------------------------------------

In the coastal area, injured cases were mostly from the local city (54.6%) and other provinces (39.9%), whereas in the mountain area, 88.4% were from the local city (p\<0.001) ([table 1](#tbl1){ref-type="table"}). The education of injured cases differed between the coastal and mountain areas (p\<0.001). In the coastal area, 59.0% of patients completed junior middle school and 19.0% completed primary school. In the mountain area, fewer injured patients had completed junior middle school (43.9%) and more had completed primary school (29.7%).

###### 

Comparison of characteristics of cases of occupational injuries in a coastal area and a mountain area in Southern China, 2006--2008

  Characteristics                                                                Coastal area, N (%)   Mountain area, N (%)   p Value
  ------------------------------------------------------------------------------ --------------------- ---------------------- ---------
  Hometown                                                                                                                    
   Local city                                                                    1732 (54.6)           5038 (88.4)            0.000
   Other cities in local province                                                173 (5.5)             188 (3.3)              
   Other provinces                                                               1267 (39.9)           473 (8.3)              
  Education                                                                                                                   
   None                                                                          77 (2.4)              573 (10.15)            0.000
   Primary school (years 1--6)                                                   605 (19.0)            1690 (29.7)            
   Junior middle school (years 7--9)                                             1874 (59.0)           2499 (43.9)            
   Senior middle school (years 10--12)                                           524 (16.5)            828 (14.5)             
   College                                                                       77 (2.4)              78 (1.4)               
   University                                                                    20 (0.6)              26 (0.5)               
  Occupation                                                                                                                  
   Professional and technical                                                    461 (14.5)            628 (11.0)             0.000
   Clerical                                                                      134 (4.2)             175 (3.1)              
   Commercial and service sector                                                 350 (11.0)            264 (4.6)              
   Agriculture, grazing, fishing and water conservancy                           232 (7.3)             1927 (33.8)            
   Production, transport and equipment operation                                 1817 (57.0)           2127 (37.3)            
   Others                                                                        195 (6.1)             578 (10.1)             
  Location of accident                                                                                                        
   Home                                                                          41 (1.3)              132 (2.3)              0.000
   Public residential places (dormitory, old age home, prison, etc)              124 (3.8)             172 (3.0)              
   School and public places                                                      55 (1.7)              77 (1.4)               
   Sports places                                                                 4 (0.1)               8 (0.1)                
   Roads and streets                                                             167 (5.2)             283 (5.0)              
   Trade and service places (airport, bank, hotel, shop, office building, etc)   377 (11.7)            321 (5.6)              
   Industry and construction places                                              2282 (70.7)           3804 (66.7)            
   Farms and field                                                               45 (1.4)              855 (15.0)             
   Other places                                                                  124 (3.8)             35 (0.6)               
   Unknown                                                                       10 (0.3)              12 (0.2)               
  Intent                                                                                                                      
   Unintentional                                                                 2812 (87.7)           5403 (94.8)            0.000
   Intentional (attack, violence)                                                385 (12.0)            287 (5.0)              
   Suicide/unknown                                                               8 (0.2)               9 (0.2)                
  Severity                                                                                                                    
   Mild                                                                          2247 (70.0)           4681 (82.1)            0.000
   Moderate                                                                      781 (24.3)            918 (16.1)             
   Severe                                                                        184 (5.7)             100 (1.8)              
  Outcome                                                                                                                     
   Going home after treatment                                                    2462 (77.5)           5087 (89.3)            0.000
   Observation, hospitalisation or transfer to another institution               693 (21.8)            575 (10.1)             
   Death                                                                         8 (0.3)               8 (0.1)                
   Unknown                                                                       15 (0.5)              29 (0.5)               

Occupations differed between injured cases in the two areas (p\<0.001). In the coastal area, patients worked largely in production, transport and equipment operation (57.0%); professional and technical (14.5%) and commercial and service sector (11.0%). In the mountain area, injured patients worked mostly in production, transport and equipment operation (37.3%); agriculture, grazing, fishing and water conservancy (33.8%) and professional and technical (11.0%).

Statistically significant differences between cases in the coastal and mountain areas were also found in location of accident, intent, severity and outcome ([table 1](#tbl1){ref-type="table"}). In the coastal area, the leading locations where occupational injury occurred were industry and construction places (70.7%), and trade and service places (11.7%), whereas in the mountain area, the predominant places were industry and construction places (66.7%), and farms and field (15.0%) (p\<0.001). Most occupational injuries were unintentional in both areas (87.7% in the coastal area and 94.8% in the mountain area) (p\<0.001). Also different was severity of occupational injury (p\<0.001). Most occupational injuries were mild and moderate in the two areas (70.0% and 24.3% in the coastal area and 82.1% and 16.1% in the mountain area, respectively). In the coastal area, most patients with occupational injuries could go home after treatment (77.5%) and some were kept for observation, hospitalisation or transfer (21.8%), whereas in the mountain area, 89.3% of patients could go home after treatment and 10.1% were kept for observation, hospitalisation or transfer (p\<0.001). Eight fatalities occurred with occupational injuries in each of the two areas ([table 1](#tbl1){ref-type="table"}).

Time of occurrence of occupational injuries in the coastal and mountain areas
-----------------------------------------------------------------------------

With respect to month of the year, occupational injuries occurred every month but differed between coastal area and mountain area (p\<0.001) ([figure 2](#fig2){ref-type="fig"}). There were two peaks in a year in the occurrence of occupational injuries in the two areas. May and November were the peak months in the coastal area and April and September in the mountain area. Occupational injures were low in February in the two areas.

![Distribution of occupational injuries by month of the year in a costal area and a mountain area in Southern China, 2006--2008.](bmjopen-2012-000965fig2){#fig2}

With respect to day of the week, occupational injuries occurred more frequently towards beginning of the work week (Mondays and Tuesdays) ([figure 3](#fig3){ref-type="fig"}). Occupational injuries more likely occurred on weekdays (72.8% in the coastal area and 73.3% in the mountain area), with no significant difference between the two areas (p=0.662). With respect to time of the day on a 24 h clock, occurrence of injury differed between the two areas (p\<0.001). The peak times were 10:00 and 16:00 h in the coastal area and 9:00 and 15:00 h in the mountain area ([figure 4](#fig4){ref-type="fig"}).

![Distribution of occupational injuries by day of the week in a costal area and a mountain area in Southern China, 2006--2008.](bmjopen-2012-000965fig3){#fig3}

![Distribution of occupational injuries by time of the day in a costal area and a mountain area in Southern China, 2006--2008.](bmjopen-2012-000965fig4){#fig4}

The external causes and consequences of occupational injuries in the coastal and mountain areas of Southern China
-----------------------------------------------------------------------------------------------------------------

The external cause codes of occupational injuries differed between the two areas. In the coastal area, the five leading external causes were contact with other and unspecified machinery (W31); being struck by or against other objects (W22); assault by bodily force (Y04); contact with a knife, sword or dagger (W26) and being struck by a thrown, projected or falling object (W20). In the mountain area, the five leading external causes were unspecified falls (W19); exposure to other and unspecified inanimate mechanical forces (W49); contact with a knife, sword or dagger (W26); contact with other and unspecified heat or hot substances (X19) and assault by a blunt object (Y00) ([table 2](#tbl2){ref-type="table"}).

###### 

The five leading external causes with their code and percentage of occupational injuries in a coastal area and a mountain area in Southern China, 2006--2008

  Rank   Coastal area (%)                                                       Mountain area (%)
  ------ ---------------------------------------------------------------------- ----------------------------------------------------------------------------
  1      Contact with other and unspecified machinery (W31) (20.6)              Unspecified falls (W19) (34.0)
  2      Being struck by or against other and unspecified objects (W22) (6.3)   Exposure to other and unspecified inanimate mechanical forces (W49) (33.9)
  3      Assault by bodily force (Y04) (6.2)                                    Contact with a knife, sword or dagger (W26) (11.1)
  4      Contact with a knife, sword or dagger (W26) (6.1)                      Contact with other and unspecified heat or hot substances (X19) (3.7)
  5      Being struck by a thrown, projected or falling object (W20) (5.9)      Assault by a blunt object (Y00) (3.1)

The consequence codes of occupational injuries differed between the two areas. Although the first leading consequence code was open wounds of the wrist or hand (S61) in both areas, the other four leading consequence codes differed. In the coastal area, the second to fifth leading consequences were open wounds of the head (S01), crushing injury of the wrist or hand (S67), superficial injury involving multiple body parts (T00) and open wound of the ankle or foot (S91). In the mountain area, they were superficial injury of the thorax (S20), superficial injury involving multiple body parts (T00), injury to the eye or orbit (S05) and open wound of the head (S01) ([table 3](#tbl3){ref-type="table"}).

###### 

The five leading consequences with their code and percentage of occupational injuries in a coastal area and a mountain area in Southern China, 2006--2008

  Rank   Coastal area (%)                                               Mountain area (%)
  ------ -------------------------------------------------------------- --------------------------------------------------------------
  1      Open wound of the wrist or hand (S61) (23.5)                   Open wound of the wrist or hand (S61) (9.8)
  2      Open wound of the head (S01) (9.6)                             Superficial injury of the thorax (S20) (6.9)
  3      Crushing injury of the wrist or hand (S67) (8.3)               Superficial injury involving multiple body parts (T00) (6.3)
  4      Superficial injury involving multiple body parts (T00) (4.7)   Injury to the eye or orbit (S05) (5.0)
  5      Open wound of the ankle or foot (S91) (3.9)                    Open wound of the head (S01) (5.0)
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Discussion and conclusions
==========================

Occupational injuries are related to industrial and economic growth, but they also represent a significant economic cost for the society.[@b2] There are many migrant workers working in various factories and enterprises in Southern China, so occupational injuries are a particular issue and concern. This study, based on data from our Hospital Injury Surveillance System, explored and compared patterns of occupational injuries in a coastal area and a mountain area in Southern China. Our study results have provided important information for formulating strategies and measures for the prevention of occupational injuries.

Demographic characteristics
---------------------------

Men are more likely to experience occupational injuries, particularly in the age group 20--40 years. These results were similar to other studies.[@b12; @b13; @b14] [@b16; @b17; @b18] We found that the injury cases in the coastal area were younger than those in the mountain area. This could be the result of more migrant workers in the coastal area, who are mostly young men.[@b12]

More than half of the patients with occupational injuries were from the local city. About one-third of the patients were from other provinces in the coastal area, a result similar to findings for occupational injuries in another study.[@b14] Migrant workers constitute a big proportion of the working population in the coastal area.

Those who suffered occupational injuries had low educational levels; almost all had only primary or junior middle school education, again similar to other findings.[@b13] [@b14] The low education level likely leads to lack of knowledge about self-protection and increases the danger at work.

Time of occupational injuries
-----------------------------

Seasonal variation of occupational injuries has been demonstrated in the industries.[@b4] [@b5] [@b14] Our study found that occupational injuries occurred the least often in February, which coincides with the Chinese national holiday of the Spring Festival when industries and factories are closed and many migrant workers go home for the holiday. The peak month of occupational injuries in the two areas, however, differed: May and November in the coastal area and April and September in the mountain area. Issues such as climate and type of industry will need further research.

Occupational injuries showed two peak times during the day in the two areas, with little difference between areas. The peak times (10:00 and 16:00 h in the coastal area and 9:00 and 15:00 h in the mountain area) were similar to findings elsewhere,[@b12] [@b19] which suggests that the dangerous time is at the beginning of the work shift when operation starts for the day and towards the end when attention span is low.

Occupational injuries occurred more frequently during beginning of the work week (Mondays and Tuesdays) in both the coastal and mountain areas, a result similar to the findings in Canada by Choi *et al.*[@b20] However, the Friday peak observed in Canada was only found in the coastal area but not in the mountainous area.

Injury characteristics
----------------------

In the coastal and mountain areas, the largest proportion of occupational injuries occurred in production, transport and equipment operations. This result is similar to other research.[@b21] [@b22] Construction industries probably present a major risk in this occupational category, and those injuries could be prevented or minimised by personal protective equipment. In the mountain area, almost one-third of the injured patients were farmers, and farms and field were in addition an important location for occupational injuries.

Most of the occupational injuries in both areas were unintentional and minor, and patients could go home after treatment. Again this is similar to results from Ma *et al*.[@b12] A lot of the research has focused on fatal occupational injuries. However, non-fatal injuries are more frequent and cause more disease burden[@b1] and should not be neglected.

The leading external causes of occupational injuries in the two areas differed. The leading external cause in the coastal area was contact with other and unspecified machinery (20.6%). Research has showed that injury by machinery is the most frequent type of occupational injury.[@b18] The leading external cause in the mountain area was falls (34.0%), which is similar to findings in other studies.[@b16] [@b23] Falls have been recognised as a major threat to the safety of individuals in industry and also in daily living.[@b24] With respect to the consequences of injury, open wounds of the wrist and hand are the most frequent, which is similar to other findings in China[@b5] [@b12] and in other countries.[@b16] The wrist and hand are the most used body parts at work and will need particular protection.

China has seen rapid economic growth in recent decades and the associated increase in occupational injuries. The main strength of our study is that it was the first in China to examine occupational injuries in a coastal area and a mountain area. The two areas were selected to represent the two major types of economies (industrial and agricultural) in China, so that our findings are likely to be relevant to other parts of China. Additionally, the study was a first attempt to use a routine administrative database (Hospital Injury Surveillance System) for the development of occupational injury prevention strategies. The database has built-in data quality control mechanisms.

There are limitations in the study. The Hospital Injury Surveillance System we used in this study targets all kinds of injuries, not just occupational injuries. Therefore, it lacks sufficient detailed information on the type and years of work and can only provide limited information for preventive measures at work. Also, while some quality control measures were put in place to promote accuracy in data collection, no quantitative information was available in the surveillance system to describe the accuracy (reliability and validity) of the case reports or completion rates. Furthermore, presentation of rate information within demographic and occupational subgroups would be desirable, but this information was not available in the surveillance system.

Our study does provide some important baseline information for improving worker safety in China. The differences in the patterns of occupational injuries observed in the coastal industrial area and a mountain agricultural area in Southern China provide good evidence for diversified prevention strategies in different areas and settings. Accumulation of descriptive studies of occupational injuries like ours steadily builds the epidemiological information base on which to develop interventions. Effective intervention approaches may already exist for many of the injuries observed. Identification of the local geographic patterns of occupational injuries helps to import proven interventions from other similar geographic areas.

Future work in China should focus on establishing a more comprehensive occupational injury surveillance system. This can be based on the Thai experience in the recording, notification, compilation and classification of occupational injuries, carried out by the ILO.[@b25] Innovative injury prevention measures can also be generated from brainstorming sessions of experts, similar to the prioritising workshop conducted by the Pan American Health Organization.[@b26] Results of this study are relevant to other developing countries that have more developed (industrial) and less developed (agricultural) areas.
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